1. Introduction
===============

Ascidians are prolific sources of new chemical entities with unique structures and potent biological activities \[[@b1-marinedrugs-04-00015],[@b2-marinedrugs-04-00015]\]. In the course of our studies on bioactive metabolites of marine organisms, we have reported the isolation and structures of three new compounds, lissoclibadins 1 (**1**), 2 (**2**) and 3 (**3**), together with four known compounds (**4**--**7**) from a tropical ascidian *Lissoclinum* cf. *badium*. The three new compounds have polysulfur aromatic amine structures and inhibited the growth of the human promyelocytic leukemia cell line HL-60 \[[@b3-marinedrugs-04-00015],[@b4-marinedrugs-04-00015]\]. Compounds **1**--**7** also showed growth inhibitory activity against Chinese hamster V79 cells, but none of the seven compounds inhibited an assembly of microtubule proteins *in vitro* (unpublished data). Although, in our experiments, the relationship between the inhibition of microtubule assembly and of the colony formation of V79 cells has been observed for several compounds \[[@b5-marinedrugs-04-00015]\], compounds **1**--**7** did not show a correlation between the two bioactivities.

In this study, we attempted to show the effects of these compounds (**1**--**7**) on the production of an inflammatory cytokine, interleukin-8 (IL-8). IL-8 is a member of the superfamily of C-X-C chemokines and a chemotactic factor for T cells, neutrophils and basophils \[[@b6-marinedrugs-04-00015]\]. IL-8 expression has been detected in a variety of human cancers and is suggested to be a factor in tumor progression and metastasis \[[@b7-marinedrugs-04-00015]--[@b10-marinedrugs-04-00015]\]. Therefore, the regulation of IL-8 production is an important medical problem.

Three compounds (**2**, **3** and **5**) increased the IL-8 production in PMA-stimulated HL-60 cells, but the other four compounds were not active at 10 μM. These compounds showed four patterns of activity against HL-60 cells on the IL-8 production, inhibition of the cell proliferation and cytotoxicity. These patterns did not correlate with their structures.

2. Materials and Methods
========================

2.1. Materials
--------------

Lissoclibadins 1 (**1**), 2 (**2**) and 3 (**3**), lissoclinotoxins E (**4**) and F (**5**), 3,4-dimethoxy-6-(2′-*N,N*dimethylaminoethyl)- 5-(methylthio)benzotrithiane (**6**) and *N*,*N*-dimethyl-5-(methylthio)varacin (**7**) were isolated from the ascidian *L.* cf. *badium* collected in Indonesia, as described previously \[[@b4-marinedrugs-04-00015]\]. The structures of seven compounds are shown in [Figure 1](#f1-marinedrugs-04-00015){ref-type="fig"}. Dimethylsulfoxide (DMSO) was purchased from Pierce Chemical Co. (Rockfield, IL) and fetal bovine serum (FBS) was obtained from GIBCO after checking of the lot. All other reagents and chemicals used were of the highest grade available commercially.

2.2. Cell lines and culture conditions
--------------------------------------

The HL-60 cell line was obtained from the Japanese Cancer Research Resources Bank (JCRB, Kamiyoga, Tokyo, Japan). This cell line was maintained in tissue culture dishes in RPMI 1640 medium (Nissui Seiyaku, Tokyo, Japan), supplemented with 10% heat-inactivated fetal calf serum (FCS), 2 mM glutamine, 100 U/ml of penicillin G and 100 μg/ml of streptomycin.

2.4. Detection of human IL-8 by ELISA
-------------------------------------

The IL-8 concentrations of the culture supernatants under control and various test conditions were measured by ELISA using a combination of monoclonal and polyclonal antibodies \[[@b11-marinedrugs-04-00015]\]. All samples were assayed at least in duplicate. Data are presented as the mean ± SE of three independent experiments.

2.5. Determination of cell proliferation
----------------------------------------

Cell proliferation was evaluated by enumerating the viable cells using the MTT formazan production method \[[@b12-marinedrugs-04-00015]\]. HL-60 cells (1 × 10^6^ cells/ml) were treated with PMA (with or without test compounds) and then transferred to 96-well microtiter plates. After incubation for 24 h, 20 μl of MTT reagent (5 mg/ml in PBS) was added to each well and further incubated for 3 h. The production of formazan was assessed by measuring the optical density (OD~570~ nm). Data are shown as values relative (%) to each PMA-stimulated optical density.

2.6. Determination of cytotoxicity
----------------------------------

The lethality of each compound was estimated by measuring the release of lactate dehydrogenase (LDH) \[[@b13-marinedrugs-04-00015]\]. Data are shown as values relative (%) to the release of LDH from all cells at each optical density.

3. Results
==========

3.1. Effects of compounds **1**--**7** on IL-8 production by PMA-stimulated HL-60 cells
---------------------------------------------------------------------------------------

The effects of compounds **1**--**7** on the IL-8 production were examined using HL-60 cells stimulated with 20 nM of PMA. The results are shown in [Figure 2](#f2-marinedrugs-04-00015){ref-type="fig"}. The production of IL-8 was increased by compounds **2**, **3** and **5** from HL-60 cells under PMA stimulation at higher concentrations (3--10 μM). However, the other four compounds (**1**, **4**, **6** and **7**) did not induce an IL-8 production under the same experimental conditions.

3.2. Inhibition of cell proliferation and cytotoxicity of compounds 1--7 against HL-60 cells
--------------------------------------------------------------------------------------------

The cell proliferation and cytotoxicity of the IL-8 production by compounds **1**--**7** were determined using the MTT and LDH methods. The results are shown in [Figure 2](#f2-marinedrugs-04-00015){ref-type="fig"}. Compounds **2**, **3** and **5** inhibited the cell proliferation of HL-60 cells in a dose-dependent manner (20--90%) at 1--10 μM. Compounds **1** and **4** showed high cytotoxicity at 10 μM, and moderate cytotoxicity was observed with compounds **3** and **5** at 5--10 μM.

4. Discussion
=============

The effects of seven compounds (**1**--**7**) against HL-60 cells on the IL-8 production, inhibition of the cell proliferation, and cytotoxicity are summarized in four patterns. The most interesting pattern was observed for lissoclibadin 2 (**2**). Compound **2** stopped the proliferation of HL-60 cells and induced the IL-8 production in a dose-dependent manner ([Figure 2](#f2-marinedrugs-04-00015){ref-type="fig"}). Therefore, the IL-8 production correlated with the cell proliferation in this case. Moreover, compound **2** did not show cytotoxicity, even at a concentration of 10 μM. Compound **2** showed a characteristic profile of the in vitro growth inhibitory activity against 12 cancer cell lines (unpublished data). Therefore, lissoclibadin 2 (**2**) is the most interesting compound in the seven metabolites from *L.* cf. *badium* tested.

The effects of compounds **3** and **5** are categorized in the second pattern, which showed the inhibition of proliferation and induction of the IL-8 production in a dose-dependent manner to be similar to the effects of **2** ([Figure 2](#f2-marinedrugs-04-00015){ref-type="fig"}). Therefore, the IL-8 production also correlated with the cell proliferation in this case. However, compounds **3** and **5** were moderately cytotoxic at higher concentrations (5--10 μM).

The third and forth patterns showed similar activity on the cell proliferation and IL-8 production. Compounds **1** and **4**, the third pattern, and compounds **6** and **7**, the forth pattern, did not induce the production of IL-8 and strongly inhibited the proliferation at 10 μM ([Figure 2](#f2-marinedrugs-04-00015){ref-type="fig"}). The high cytotoxicity was detected for compounds **1** and **4** at 10 μM, while compounds **6** and **7** were not cytotoxic.

Compounds **2** and **5** are structural isomers ([Figure 1](#f1-marinedrugs-04-00015){ref-type="fig"}) and revealed an activity very similar to each other on the IL-8 production and cell proliferation, although compound **5** showed moderate cytotoxicity against HL-60 cells ([Figure 2](#f2-marinedrugs-04-00015){ref-type="fig"}). The orientation of the two aromatic amine units in compounds **2** and **5** did not affect their activity.

Although compounds **3** and **4** are also structural isomers ([Figure 1](#f1-marinedrugs-04-00015){ref-type="fig"}), they had different activities on the IL-8 production and cell proliferation ([Figure 2](#f2-marinedrugs-04-00015){ref-type="fig"}). Therefore, in this case, the orientation of two units is critical for their activity.

Compound **4** showed the same profile of activity on the IL-8 production, cell proliferation, and cytotoxicity as that of compound **1**, which has a trimeric structure. Two monomeric compounds, **6** and **7**, revealed a very similar profile of activity to those of compounds **1** and **4** ([Figure 2](#f2-marinedrugs-04-00015){ref-type="fig"}). A slight difference was detected in their cytotoxicity at 10 μM. The structures of these four compounds are very different to each other.

Patil et al. reported the isolation of lissoclin disulfoxide from the South African ascidian *Lissoclinum* sp. as the inhibitor of IL-8Rα and IL-8Rβ receptors \[[@b14-marinedrugs-04-00015]\]. ^1^H and ^13^C NMR data for lissoclin disulfoxide were identical to those for lissoclinotoxin F (**5**). Compounds **2** and **3** may have a similar inhibitory activity against IL-8 receptors.

From the results obtained in this study, it was hard to deduce a correlation between the structures of seven compounds and the activity against HL-60 cells on the IL-8 production, cell proliferation and cytotoxicity. Investigations of structure-activity relationships and target molecule(s) of these compounds are interesting subjects for future study.
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![Effects of compounds 1--7 on IL-8 production, cell proliferation and cytotoxicity in PMA-stimulated HL-60 cells. Seven panels show the effects of compounds **1**--**7** on IL-8 production, cell proliferation and cytotoxicity after the addition of PMA (20 nM), respectively. HL-60 cells (1 × 10^6^ cells/ml) were treated with PMA (20 nM) and the indicated concentration of each compound for 24 h. The IL-8 concentration in the culture supernatant under each condition was determined by ELISA, as described in the Materials and Methods. Data are the mean values of three independent experiments. Cell proliferation and cytotoxicity are described in the Materials and Methods.](marinedrugs-04-00015f2){#f2-marinedrugs-04-00015}
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